the use of camera-trap records as surrogates for abundance and population density of species whose individuals cannot be identified (Carbone et al. 2001 , Jennelle et al. 2002 , Yasuda 2004 , Larrucea et al. 2007 , Srbek-Araujo & Chiarello 2007 , Rowcliffe et al. 2008 , Rovero & Marshall 2009 , Harmsen et al. 2010 . Despite these limitations and recommendations, the index of relative abundance, without calibration, obtained from the rate or frequency of capture has been widely used in camera-trap studies (e.g., Jácomo et al. 2004 , O'Brien et al. 2003 , Silveira et al. 2003 , Trolle & Kéry 2005 , Weckel et al. 2006 , Kasper et al. 2007 , Rowcliffe et al. 2008 , Rovero & Marshall 2009 , without consideration of the variations in species capture probability (Gu & Swihart 2004) . These issues are relevant and need to be better understood because camera-trap data have been used in management and conservation studies around the world, including ratings of the distribution and monitoring of threatened species.
In this study, we report the results of four years of cameratrapping inventories in a protected area of Atlantic Forest in Brazil. We evaluate the variation of mammal capture rates from each survey and the influence of the sampling design on the mammal community recorded. We also discuss whether the capture rates represent reliable inputs for relative abundance indices. We hypothesized that detection does not change significantly and that capture rates are similar for a given mammal species sampled in the same area among subsequent camera-trap surveys, despite differences in the sampling designs (null hypothesis). If this hypothesis is true, the sampling design does not interfere with the community recorded, and the capture rates could be considered sufficient input to calculate the relative abundance indices; therefore, the calibration of the indices may be overlooked.
Material and Methods

Study area
The study was conducted in Reserva Natural Vale (RNV; Vale Natural Reserve), which is located 30 km north of the Doce River between the municipalities of Linhares and Jaguaré in the state of Espírito Santo, southeastern Brazil (19° 06' S, 39° 45' W and 19° 18' S, 40° 19' W) . The RNV (~23,000 ha) encompasses approximately 5% of the remaining forest in the state (Fundação… & Instituto… 2011) and is adjacent to the Reserva Biológica de Sooretama (RBS; Sooretama Biological Reserve: ~24,250 ha).
The topography in RNV is relatively flat, with the elevation ranging between 28 and 65 m above sea level (Jesus & Rolim 2005) . The climate is tropical hot and humid (Awi, following the Köppen system) with wet summers (October to March) and dry winters (April to September) (Jesus & Rolim 2005) . The average annual temperature is 23.3 °C (14.8 and 34.2 °C average minimum and maximum, respectively). The average annual rainfall is 1,202 mm, with high inter-annual variability (Jesus & Rolim 2005) . During the years of study, for example, the annual rainfall ranged from 857 mm (2007) to 1,638 mm (2006) , and the average annual rainfall was 1,194 mm.
Introduction
The distributions of species and population abundance or density are critical data for planning and evaluating research priorities and strategies for biodiversity conservation. The quality of inventories depends on the ability of the surveying team and the adequacy of the procedures, particularly regarding the efficiency of the sampling methods used for each target group. Indeed, the methods used in mammal inventories are generally appropriate for collecting or observing only a fraction of species, given the morphological and behavioral diversity in this group (Voss & Emmons 1996) .
Failures to detect species are common errors in surveys and are related to the detection probability of each species (Gu & Swihart 2004) . The detection of mammals may vary depending on the animal's sex, age, social status (alpha or beta and resident or transient) and territoriality (Larrucea et al. 2007 ), the distribution of reproductive females, the local abundance of prey (Guil et al. 2010) , intraspecific and interspecific interactions (Harmsen et al. 2010) , human pressure and the physical environment (Guil et al. 2010) . Furthermore, the seasonality of the species can change the intensity with which a given species is recorded (Yasuda 2004) , and the capture rate is influenced by the temporal and seasonal activity patterns of the species (Larrucea et al. 2007) . Differences in detectability among species also can be caused by relatively subtle differences in behavior (Harmsen et al. 2010) . It is thus important to evaluate differences in capture efficiency to distinguish true absence from the non-detection of a species in mammal inventories (Jennelle et al. 2002) . And detection is indicative of presence, but non-detection is not equivalent to absence .
Camera traps have become increasingly common in studies conducted in several parts of the world, especially during the last decade. These devices have been widely used in mammal inventories and are especially effective for detecting elusive, cryptic and/or rare species (e.g., Srbek-Araujo & Chiarello 2005 , Tobler et al. 2008 , Ahumada et al. 2011 , Espartosa et al. 2011 . In addition to this usual application, Carbone et al. (2001) consider that the use of indices to estimate the relative abundance of mammals would increase the use of this tool because only a small fraction of the species may have the individuals identified and studied using capture-recapture methods based on camera traps. However, these indices use the rates of camera-trap capture as the main input to estimate abundance (e.g., Carbone et al. 2001 , O'Brien et al. 2003 , and the variation in the detection probability of each species is not considered. Thus, for relative abundance indices to be useful, some authorities recommend the calibration of indices using camera trap data (Carbone et al. 2001) and the evaluation of the index accuracy (Diefenbach et al. 1994) to demonstrate the existence of a functional relationship between the index and the true value (Diefenbach et al. 1994 ). However, the calibration process is not trivial, and there is no firm consensus on the best strategy to follow (e.g., O'Brien et al. 2003 , Rowcliffe et al. 2008 , Rovero & Marshall 2009 .
Notwithstanding the increase in the popularity of camera traps, the imperfect detectability and the appropriate application of capture rates remain very important issues, particularly regarding Most of the reserve is covered by dense lowland forest located on flat terrain (Tabuleiro Forest), classified as perennial seasonal forest (Jesus & Rolim 2005) . RNV has an internal system of unpaved roads (126 km in total length). These roads are approximately 4 m wide and were built decades ago to allow access to all parts of the reserve for reserve staff and authorized researchers only. The perimeter of RNV is irregularly shaped and is surrounded mostly by pastures and crops, especially fruit and coffee cultivation (Jesus & Rolim 2005) . In recent years, particularly after 2007, there has been an increase in Eucalyptus plantations surrounding the reserve.
Data collection
The sampling designs used in the four years were designed primarily to meet the requirements for estimating jaguar (Panthera onca) abundance and density. We used four different sampling , USA) were used in the first year; in the other years, we used Tigrinus cameras (conventional model; Tigrinus Research Equipment, Brazil). Both brands of equipment have a passive infrared sensor and 35 mm cameras, which were loaded with 36-exposure / 200 or 400 ASA negative films. The camera traps were operated 24 hours/day, and the delay between photographs was set to 20 seconds. The equipments were checked every 30 days for cleaning and to replace the batteries and film. The camera traps were attached to tree trunks at approximately 45 cm above the ground. In the first year, all trapping stations contained a pair of cameras, and the units were installed facing each other. In the other years, we used only one camera trap per trapping station. No baits were used.
In the first year, the reserve was divided into three areas ("north", "south" and "west"), and sampling was conducted in each of these areas sequentially. In the remaining years, a fixed number of sampling points or trap stations were established throughout the whole area of the reserve (years 2 and 3) or in just the northern part of the reserve (year 4) (Figure 1 ). The cameras were installed on internal roads (in the first and fourth years), at 100-200 m from roads (internal edges; second year) and at 500 m from the nearest internal road (forest interior; third year). In years 2 and 3, the sampling points were selected by searching for the presence of signs (such as footprints and animal trails or tracks) or odors indicating recent mammal activity. A narrow trail (~1 m width) was opened to access the trap stations in the second and third years. The camera-trap sampling points were always set in the predominant type of forest existing in RNV (Tabuleiro Forest). The main differences among the sampling designs are summarized in Table 1 .
In the second year, we set up a 30-day experiment to test whether two cameras installed at the same spot would result in the same list of species. For this experiment, we used 8 pairs of Tigrinus cameras (the year 2 sampling point or principal camera [C1] and an additional camera [C2]) scattered throughout RNV. Every pair of cameras was positioned on the same tree trunk but faced in opposing directions (one camera rotated 180 degrees from the other) and remained operational for 30 days. We directed both of the cameras from each pair at points with similar characteristics to minimize sampling differences related to habitat conditions (e.g., the presence of tracks and/or other signs of animal activity).
Data analysis
Each photograph taken by the camera traps was considered a record. However, when more than one photograph of the same species was obtained from the same trapping station within a period of 1 hour, only the first photograph was considered valid for analytical purposes. The sampling effort was calculated by multiplying the number of camera traps (or pairs of equipment in year 1) by the number of sampling days (the time between the first and last records in each month of sampling). The capture success was calculated by dividing the number of records by the sampling effort and multiplying the result by 100, as used in previous studies (e.g., Srbek-Araujo Only native species were considered in the statistical analyses. The Mao Tau estimator (the accumulation of the observed species) was used to calculate randomized species accumulation curves considering 10-day bins of camera trapping as units of sampling effort. The lower and upper bounds of the 95% confidence interval (CI) were graphed. We used the first-order Jackknife (Jackknife 1) to estimate the species richness for each sampling design. This non-parametric estimator is based on the number of unique species contained in each observation (Smith & Pontius 2006) , and according to Tobler et al. (2008) , it performs better than other estimators for data sets derived from large numbers of camera days. We also selected this estimator for its reduced bias and because it is based on the presence or absence of a species rather than on the abundance of the species (Smith & Pontius 2006) . For these analyses, we used the program EstimateS (version 7.5.2), and for randomizations, we used 1,000 runs.
The Spearman rank correlations and the qualitative cluster analysis (based on the Jaccard coefficient) were used to compare the mammal communities recorded by the four sampling designs (n=27 cases). Both of the analyses were performed using the presenceabsence data only (with values of "1" when a mammal species was detected by a sampling design and "0" when it was not). For these analyses, the program Statistica was used (version 7.1).
Given the differences in the sampling effort, we calculated the capture success of each mammal species ([number of records for each species / sampling effort] X 100) to obtain comparable capture rates for each species among the years. We used the Spearman rank test to investigate whether there were correlations in the capture rates of each species among the sampling designs. For this analysis, only species recorded in two or more years (n=23 cases) were included to reduce the occurrence of spurious correlations arising from the high frequency of zeros (four native species were detected in only one year). The tests were performed in the program Statistica (version 7.1).
We assessed the variation in capture success among the sampling designs by calculating the 95% CI for each species. For this analysis, each sampling point was considered a replicate of a given sampling year, and the capture success of each species was calculated for every sampling point from each year of study. The program SPSS (version 8.0) was used for this analysis. And the results were displayed graphically to species with more contrasting detection rates (more than 10 records for the whole study). We complemented this analysis by contrasting the capture success of each species among the sampling designs using a Kruskal-Wallis one-way analysis of variance. For these analyses, the capture success values of each species were used as dependent variables, using the sampling points as replicates (n=58 cases), and the years of sampling were the grouping variable (categorical). Only the species recorded in two or more years (n=23 cases) were considered in the Kruskal-Wallis one-way analysis of variance. For these analyses, the program Statistica was used (version 7.1). The variation in the capture success was assessed because these data can be used as an indicative of variation in the capture or detection probability of species.
Assumptions
Because weather variation can influence the detection of mammals and therefore the camera-trap results, we conducted preliminary tests to evaluate whether the capture success was significantly influenced by the inter-annual variability in climate conditions. For this analysis, we correlated the monthly capture success of native mammal species with climate variables (i.e., average monthly rainfall, total monthly rainfall and average monthly temperature) using the Spearman rank correlation. Each year was analyzed separately, and only months with 30 days of sampling were considered (11 cases for year 1, 14 cases for years 2 and 3, and seven cases for year 4). These tests were performed in the program Statistica (version 7.1). We obtained climatic data from the Instituto Nacional de Pesquisas Espaciais (INPE; National Institute of Spatial Research), and the data were collected at a meteorological station located in Sooretama, the closest city to the study site. The results of these tests indicated no consistent pattern in the relation between the climate variables and capture success. Significant correlations (Spearman Rank, p<0.05) between the climate variables (mostly for average monthly temperature) and capture success were observed for only 11 species (40.74%), and most cases were restricted to one year (nine species). For two species, there were significant correlations (Spearman Rank, p<0.05) for two years, but for one of those species, the correlation between the average monthly temperature and capture success was positive in one year and negative in the other year. These results suggest a small influence of annual climate variation on the capture rates and leave us comfortable in assuming that the variations in our cameratrap data result mostly from differences among the sample designs.
Another limitation of our sampling design is that due to the theft of equipment and maintenance problems of some of the units, we had to choose a different brand of cameras in the second year. We are aware that variations in the efficiency and capability to record species among different brands or models of camera traps can influence the results (Srbek-Araujo & Chiarello 2007), particularly when film and digital cameras are compared (Kelly & Holub 2008) . Because of that influence, it might be difficult to distinguish whether the variation in the number of records in a given survey is due to differences in trapping success among species or among the cameras (Kelly & Holub 2008) . Fortunately, only film cameras were used in our study, and the differences between the equipment are relevant only to year 1, when Cam Trakker cameras were used, but not the other years (including the 30-day experiment), when only Tigrinus cameras were used. It is also relevant to stress that overall, the results from the first and fourth years were more similar to each other than to the second and third years, though different brands of cameras were used. For these reasons, we assumed that the use of two brands of cameras had no significant influence on our main findings.
Results
The sampling effort accumulated during the four years of study (10,567 camera-days) resulted in 2,790 records of 30 mammal species, including the domestic dog (Canis lupus familiaris) ( Table 2 ).
Although the number of recorded species was similar among the sampling designs (19 to 23 species), the capture success was lower in the first and fourth years, when the cameras were located along roads. The community composition also varied among the sampling designs: 12 species (40.0%) were recorded in all four designs; four species (13.3%) were recorded in three designs; nine species (30.0%) were recorded in two designs; and five species (16.7%) were recorded in only one design. Six species (20.0%) were recorded only on roads, and four (13.3%) were recorded only on internal edges and/or in the forest interior. Some of the species recorded frequently along roads were rarely or not at all recorded when the cameras were set up away from roads, especially Panthera onca, Leopardus pardalis, Cerdocyon thous, Procyon cancrivorus and Sylvilagus brasiliensis ( Table 2) . In contrast, some species were recorded mostly away from roads: Dasypus sp., Nasua nasua, Pecari tajacu, Mazama sp., Cuniculus paca and Dasyprocta leporina.
Records of species not previously photographed occurred in all of the sampling periods, and the last inclusion of new species occurred in Table 2 . Number of records (n) and capture success (CS) for each mammal species recorded by four camera trapping sampling designs in Reserva Natural Vale (June 2005 to February 2010). The species richness, sampling effort (camera-days) and total capture success are also shown for each sampling design separately and in total. the 43 rd month of the study. The sample-based species accumulation curve for the first year leveled off, indicating a more complete survey (Figure 2) , although the number of recorded species was much lower than the total number of observed species for the whole study. The curves for the other three years of sampling, as well as the curve for the whole study, did not reach an asymptote and showed a wide 95% CI interval (Figure 2) . Wider confidence intervals were observed for years 2 and 4.
The species richness estimated using the whole data set (all four years) was 29.98 ± 1.71 species, which is similar to the observed richness (n = 29 native species). The estimated richness was also similar to the observed richness in the third year (19.95 [±1.36] species) (observed richness = 20 species A significant correlation of the mammal communities (list of species) was found only between the second and third years (Spearman Rank, rs = 0.402, p < 0.05, n = 27 pairs), when the camera traps were placed away from roads. The cluster analyses indicated that the most dissimilar community was sampled during the last year, which was closer to the first year (with the samplings on roads) than to the other two years (Figure 3) . Similarly, the distribution of the capture success in the set of species recorded was highly correlated between the first and fourth years (Spearman Rank, rs = 0.588, p < 0.05, n = 23 pairs) and between the second and third years (Spearman Rank, rs = 0.914, p < 0.05, n = 23 pairs).
Although the results from the internal edges (second year) and forest interior (third year) were more similar to each other, the capture rate (and therefore the capture success) for most species varied among the years (Table 2 ). The same pattern was also found between the first and fourth years. Overall, the variation in capture success tended to be lower for the first year (with a smaller confidence interval and higher precision), but this parameter varied widely both within species among years and among species within years (Figure 4) . For several species, the 95% CI showed no overlap among the sample designs, notably for Dasypus sp., Nasua nasua, Leopardus pardalis, Panthera onca, Mazama sp., Dasyprocta leporina and Cuniculus paca ( Figure 5) . Additionally, the difference in capture success among the sampling designs was statistically significant for 14 species (Kruskal-Wallis, df = 3, n = 58 cases, p ≤ 0.05) ( Table 3 ). The number of species recorded at each sampling point ranged from 1 to 15 (mean = 6.86), and the total number of records for the trap stations ranged from 1 to 201 (mean = 48.07). When analyzing each species separately, the distribution of records among the sampling points was also variable, even for the species with the highest number of records in each sampling year (Table 3) .
During the 30-day experiment, the number of species recorded by both of the cameras (C1+C2) and the interceptions of records from each pair were very low (Table 4) . Only the units from three pairs (37.5%) shared 50% or more of the list of species recorded by the pair. For the remaining five pairs (62.5%), each unit shared ≤ 25% of the species pool (Table 4) . Four species (Eira barbara, Nasua nasua, Panthera onca and Puma yagouaroundi) were recorded during the 30-day experiment only by the additional unit (C2) and were not recorded by the principal camera (C1) even during the 14 months of sampling by this unit. Discrepancies were also observed between units of each pair when compared the total number of records of each species and the overall number of records (sum of the records from all the species). 
Discussion
We recorded substantial variations in the detection (presence or non-detection) and capture rates of mammals among the four sampling periods. Some species were missed in one or more years, and singular assemblages of elusive species (≤ 5 records/species) were recorded in each of the four sampling designs. Some of these species maintain their "status" of elusive or rarely recorded even when the whole sampling period is considered, such as Cabassous tatouay, Euphractus sexcinctus, Tamandua tetradactyla, Puma concolor, Leopardus wiedii and Galictis cuja, and new species were recorded during all four years of study. According to Tobler et al. (2008) , the recording of more elusive species requires larger sampling efforts, and these species are the ones that determine how much time is needed to complete an inventory (Tobler et al. 2008) . In fact, despite the relatively long sampling time in the present study, the camera-trapping inventory of medium-sized and large mammals is not yet complete in RNV. Two elusive species recently recorded in the study area (after 2006) using other methods and potentially recordable by camera traps have not been registered to date: Priodontes maximus (Kerr, 1792) (giant armadillo; Srbek-Araujo et al. 2009 ) and Leopardus tigrinus (Schreber, 1775) (oncilla; A.C. Srbek-Araujo, unpublished data). The slope of the sample-based species accumulation curve and the 95% CI interval for the whole study also corroborate the previous affirmation.
For MacKenzie & Royle (2005) , the optimal strategy for sampling rare species is to conduct fewer surveys at more sampling points, while for common species, it is more efficient to conduct more intensive surveys at fewer stations. However, Srbek-Araujo & Chiarello (2007) showed that the number of recorded species (common and rare species) is strongly correlated with sampling effort, recommending a sampling effort of at least 250 camera-days at each trapping station for mammal inventories. Additionally, Tobler et al. Neotrop., vol. 13, no. 2 (2008) concluded that the camera spacing and total area covered have little influence on the number of species recorded and the survey success, with the survey effort being the main factor determining the number of recorded species. Our present data corroborate these last two studies and reinforce the importance of survey effort for recording elusive or rare species in camera-trapping inventories. In contrast, in occupancy studies, the number of sampling points can be as or more important than the number of sampling days at each trap station . However, for these studies, the sampling points and the timing of repeat surveys must be defined appropriately, as described by MacKenzie & Royle (2005) . The total number of species recorded in each sampling survey was similar in years 1 to 3, despite the higher number of trap stations sampled during the first year. The sampling effort was almost three times smaller in year 4 than in the other years, with the smallest number of sampling points, but the number of species was higher in the last year of sampling than in the other three survey periods. All of the sampling surveys performed poorly at estimating the total number of species present across the whole study area, and the list of species recorded each year was different among the surveys. The different results among the years highlight that species inventories also need to achieve good spatial replication and cover a range of habitat types to adequately characterize a mammal community (Colwell & Coddington 1994 , Engeman 2005 , Tobler et al. 2008 . In addition to the differences related to the set of species recorded each year, the differences among the sampling designs are also represented by differences in the capture rate for most of the species recorded during the present study.
We consider that the differences in capture rates obtained for the same species during our study resulted mostly from habitat use (i.e., species presence and frequency of use) and the behavioral attributes of the species in association with differences in the sampling design, which resulted in differential detectability and different capture success. Different species were more likely to be recorded on or off roads/trails, corroborating studies conducted elsewhere (Trolle & Kéry 2005 , Srbek-Araujo & Chiarello 2007 , Harmsen et al. 2010 , Weckel et al. 2006 . Some species were detected exclusively or preferentially on roads (e.g., Panthera onca, Leopardus pardalis, Sylvilagus brasiliensis, Cerdocyon thous and Procyon cancrivorus) and can be referred to as "trail followers". Other taxa, the "generalist users", were detected equally on roads and away from them (Tapirus terrestris and Tayassu peccary). The remaining species, the "trail crossers", seemed to avoid roads and were mostly recorded on the forest edge or in the forest interior. These distinctions are relevant given that both roads and trails have been widely used for sampling mammals, either because they offer easy access into the forest or because some species, particularly carnivores, might be highly "captured" in these places (e.g., Silveira et al. 2003 , Trolle & Kéry 2005 , Beisiegel 2009 ). Therefore, the risk of tendentious sampling must be considered when designing studies for mammal community inventories.
Furthermore, differences in patterns of habitat use may not be similar even when the same species is compared between sampling sites. In a study by Weckel et al. (2006) , for example, Tayassu peccary and Pecari tajacu failed to show preferences in habitat use, while in our study, the latter species was recorded almost exclusively in the forest edge and interior. In the same study, Panthera onca was never photographed using forested areas (Weckel et al. 2006) , while in RNV, jaguar was recorded, although rarely, on internal edges and forest interior. In our study, Panthera onca and Leopardus pardalis were frequently recorded on roads, and both species have low capture rates outside roads, while Puma concolor was captured only once and in forest interior. Harmsen et al. (2010) recorded Leopardus pardalis only on trails (0.5 to 4.5 m width) and the capture sites of Panthera onca were also adequate for capturing Puma concolor. Differences between our study and Harmsen et al. (2010) were also observed for Tayassu peccary, Mazama sp. and Nasua nasua regarding their tendency to follow or cross trails. These examples of differences between studies suggest idiosyncratic habitat use patterns for some mammal species, which can induce erroneous comparisons of data even when applied to similar sample designs. These data also corroborate those of Jennelle et al. (2002) , who cited site-specific detection probabilities as one of the sources of variation in cameratrap data. Therefore, if individual species may have consistent differences in detectability in different areas, the survey designs should not automatically follow designs that have been useful in other areas, even for the same target species.
Environmental seasonality is known to influence the activity patterns and home-range size in mammals (Harestad & Bunnel 1979) . In turn, the variation in the intensity of movement of individuals may result in increased or decreased detection probabilities, thereby influencing the capture rates. However, there was a lack of significant correlation between climatic variables and capture success for most of the species recorded in the present study (see Methods for details), and the inter-annual variation in rainfall may have not contributed significantly to the variation in the capture rate among the years. Although camera traps are well suited to standardization when compared to other sampling methods for mammals (Ahumada et al. 2011) , the places where the data are collected influences the efficiency in obtaining adequate measurements of species studied Engeman (2005) , and the choices about where and when the camera traps will be placed can influence the sampling process. These choices can lead to biased results because species use the environment differently and researchers use different criteria to define the best sampling locations (Larrucea et al. 2007 ).
We observed a wide variation in the capture success at each sampling point, both within and among the sampling periods, for most of the species recorded at RNV. The 30-day experiment with paired cameras also revealed that the variation in camera-trap records may be high at the same spot. These data illustrate the stochasticity associated with camera location and orientation and lend support to the idea that there are other biotic or abiotic factors, not yet fully understood, influencing the delivery of camera-trap records and interfering with probability of detection of species over time. Similarly, Silveira et al. (2010) noticed that the "long-term" fluctuation in capture rate is more complex than the seasonal variation in the number of records obtained by camera traps. And there are not enough data to identify the source of these variations (Silveira et al. 2010) . In another study, five of the 15 species recorded by Espartosa et al. (2011) were captured only by camera trapping or track counts using sampling units consisting of one camera trap and four sand plots set at 5 m around the camera. These findings corroborate our previous study (Srbek-Araujo & Chiarello 2007) , in which we suggested that factors intrinsic to the place at which the equipment was installed might influence the records obtained. Our results further exemplify how much variability can be present in camera-trap data, which can restrict the application of records and blur conclusions, even when the same sampling methods are used and similar sampling designs are applied. Because of that variability, researchers conducting camera-trap surveys in time series should try to ensure a consistent setup of cameras (e.g., leaving cameras in situ for a long time) to reduce the stochasticity effect.
Despite the set of factors influencing the detection probability of species (e.g., Yasuda 2004 , Larrucea et al. 2007 , Guil et al. 2010 , Harmsen et al. 2010 , there is a growing demand for the use of camera traps as a tool for estimating population parameters or monitoring the population tendencies of threatened species. When the same http://www.biotaneotropica.org.br http://www.biotaneotropica.org.br/v13n2/en/abstract?article+bn02013022013
Biota Neotrop., vol. 13, no. 2 sampling survey is adopted, it is reasonable to evaluate the trend of camera-trap records against a detectable perturbation or impact (e.g., the start of hunting activities or the detection of pest animals), but it is necessary to determine whether the trends of decline or increase are real or whether they result from other sampling factors (Tomas & Miranda 2003) . According to Johnson (2008) , for the valid use of indices to detect changes in density or abundance, the variation in detectability needs to be substantially lower than the variation in population size. Based on this premise, imperfect detectability or changes in species detection can make the use of rates of camera-trap capture non-viable as surrogates of abundance estimates or inputs for relative abundance indices. The capture success calculated for each species in the present study, for example, which is similar to the index of relative abundance "RAI-2" described by O'Brien et al. (2003) , varied highly among the sampling designs for almost all of the species. Furthermore, for several species, there was no overlap in capture success among years, and the capture rate varied in both directions (rise and decline) over consecutive years, with very large differences in values. However, we assumed that the mammal community structure did not change dramatically in RNV over the four years of study and, therefore, that the variation in capture success among years and survey designs has another source. In this sense, it is noteworthy that smaller mammals experience more dramatic seasonal declines in abundance than do larger mammals (Harestad & Bunnel 1979) . Additionally, variations in the abundance of medium and large mammal populations are not expected to occur as sudden events of high magnitude under stable environmental conditions (Vaughan et al. 2000) . This pattern is reasonable to expect for RNV due to the existence of an effective surveillance system against poaching, logging and forest-fire intrusions. These activities help keep the local fauna and flora buffered against anthropogenic threats and disturbances, which currently occur at low intensities. Although changes in the abundance of mediumsize and large mammals may occur as a result of significant changes in the availability of food resources (e.g., Groot-Bruinderink et al. 1994) or intensive poaching (e.g., Chiarello 1999), for example, it is often difficult to detect population declines over relatively short periods, unless the rates are catastrophic (Tomas & Miranda 2003) . Furthermore, it is unlikely that the changes affect, in a short time, a comprehensive set of species with different ecological requirements and different levels of hunting pressure, with abrupt variations of abundance indices, as observed in the present study. Therefore, the variation in the specific capture success in RNV indicates a lack of real functional relationship between the camera-trapping rate and population abundance.
Our results provide further support to previous studies, indicating that detection is not similar for all species, neither in the same area nor between similar sampling designs (e.g., Tobler et al. 2008 , Harmsen et al. 2010 , which is aggravated by the stochasticity associated with the camera-trap location and orientation. Consequently, the capture rate obtained by camera traps is not standard and cannot be correlated with population size; therefore, the capture rate does not represent a precise input to assess the relative abundance of species without suitable data processing. To use the number of records in the evaluation of quantitative attributes of a species over time and among sampling sites, it is necessary to obtain comparable capture rates (Jennelle et al. 2002 , Engeman 2005 . To do so, we must ensure that the field protocols are standardized and simultaneously applied (Espartosa et al. 2011) and assume that the detection probability of target species is similar among the studied sites (Harmsen et al. 2010) . Moreover, for abundance analyses, camera-trap surveys must conform to an appropriate sampling design (with adequate spatial and temporal replication) to produce indices with a useful level of precision (Engeman 2005) , and the indices must be calibrated (Carbone et al. 2001) . Otherwise, the use of photographic records per se for population inferences can lead to erroneous interpretations of the number of individuals composing the populations, leading to under-or over-estimates of the populations of species whose specimens cannot be individually identified.
The influence of habitat use on the detection probabilities and capture rates of mammals (e.g., Srbek-Araujo & Chiarello 2005 , Larrucea et al. 2007 , Tobler et al. 2008 , Harmsen et al. 2010 ) is one of the main sources of variation in camera-trap data, reinforcing the fact that comparisons of relative abundance indices between species should always be made with caution (Harmsen et al. 2010 ). The same caution should be applied to compare the same species in the same site or among areas based on similar or different sampling surveys. Corroborating the reports of other authors (Carbone et al. 2001 , Jennelle et al. 2002 , Srbek-Araujo & Chiarello 2007 , Harmsen et al. 2010 , we recommend that data on the capture rates of species should only be used as a surrogate for abundance when the probability of detection of each taxon has been ascertained and the indices based on capture rates have been calibrated. If these tasks cannot be accomplished, we suggest that camera-trapping rates should be best used as inputs for presence and detection analyses and for behavior inferences (regarding the preferential use of habitats and activity patterns, for example). Alternatively, the camera-trap data from appropriate sampling designs could be used to estimate species occupancy, which may be used as a surrogate for abundance , MacKenzie & Royle 2005 , as applied by Ahumada et al. (2011) . When it is possible to distinguish individuals, camera-trap data can be used to estimate population parameters through the use of capture-recapture probabilistic models, as proposed by Karanth (1995) and Karanth & Nichols (1998) .
Conclusions
Our results indicate that the sampling design influences the mammal community recorded by camera traps, reinforcing that the risk of tendentious sampling must be taken into account when designing species inventories. The differences observed for the same species among the sampling years resulted mostly from habitat use and behavioral attributes in association with differences in the sampling design, which resulted in differential detectability and in different capture rates. We also observed a wide variation in the distribution of records per sampling point, within and among sampling periods, for most of the species recorded at RNV, and the variation in camera trap records may be high at the same spot. These data demonstrated the stochasticity associated with equipment location and orientation, reinforcing the idea that camera-trap surveys conducted in time series should try to ensure a consistent setup of cameras to reduce the stochasticity effect. The variation in specific capture success in RNV, at a high level and in both directions over consecutive years, indicates a lack of a real functional relationship between the camera-trapping rate and population abundance. Consequently, the use of rates of camera-trap capture per se for abundance inferences can lead to under-or over-estimates of the populations of mammalian species that are not individually identifiable.
